The scans were observed at 18-23 weeks of foetal gestation with occurrence being bilateral in 64 cases and unilateral in 43. The researchers reported 51.4% of these cases were idiopathic and 48.6% were associated with other pathologies. 6 Idiopathic talipes equinovarus has a familial link and displays clear racial prevalence 7 however, the reason for the abnormal development is still unkown. 4 In third world countries ITEV is frequently left untreated and affected people will suffer diminished mobility, ulcerations from abnormal weight bearing and be socially ostracised. In the United Kingdom (UK) ITEV has historically been treated primarily through orthopaedic surgery until around 2003 when non surgical methods became more widely available.
diopathic talipes equinovarus (ITEV) is characterised by the ankle in a plantarflexed and inverted position with the heel, midfoot and forefoot adducted and inverted producing a cavus deformity. 1 The Achilles tendon acts as an invertor 2 and the calf muscles are shortened. 3 ITEV, more commonly known as clubfoot, is a disorder affecting one or both lower limbs with fifty percent of cases being bilateral.
Worldwide statistics show an incidence ratio of 1.2 babies affected in every 1,000 live births 4 with a 2:1 male:female ratio. 5 Bakalis, et al., reported in their retrospective study that of 103,228 routine ultrasound foetal scans taken between January 1991 and October 2000 in three separate London teaching hospitals, 0.1% (n=107) showed talipes equinovarus.
The scans were observed at 18-23 weeks of foetal gestation with occurrence being bilateral in 64 cases and unilateral in 43. The researchers reported 51.4% of these cases were idiopathic and 48.6% were associated with other pathologies. 6 Idiopathic talipes equinovarus has a familial link and displays clear racial prevalence 7 however, the reason for the abnormal development is still unkown. 4 In third world countries ITEV is frequently left untreated and affected people will suffer diminished mobility, ulcerations from abnormal weight bearing and be socially ostracised. In the United Kingdom (UK) ITEV has historically been treated primarily through orthopaedic surgery until around 2003 when non surgical methods became more widely available.
Figure 1
The foot before, during and after treatment. Before treatment, the navicular is displaced to the medial side of the head of the talus. Note how this relationship normalizes during cast treatment. Similarly, the cuboid becomes aligned with the calcaneus during the same cast treatment. Images and description courtesy of www.Global_HELP.org .
ITEV is a congenital dysplasia which affects all tissue below the knee. 4 In a two part anatomical study 8, 9 Windisch, et al., dissected seven foetal feet affected with ITEV aborted in weeks 27-36 of gestation and compared the pathoanatomy with two anatomically normal feet in weeks 27 and 36 of gestation. When describing the bone and joint relationships the authors reported a talar neck-troclea angle of 37° to 41° in ITEV compared to 27° to 33° in normal feet. Deviation of the talar neck relative to the body was 28° to 43° in ITEV compared to 22° to 24° in normal feet. The posterior surface of the talus was flat and triangular with the subtalar joint unattainable. The talar head turned along a longitudinal axis opposite to that in the normal foot.
The researchers found the anterior surface of the calcaneus to be flat, medially twisted and orientated upwards, although there was no significant difference in its angle of torsion to that of a normal foot. They concluded that an ossification disturbance of the calcaneus was the primary fault which then influences the varus position of the foot. The soft tissues merely conform to the misshapen bones. The medial ligaments are shortened and thickened, and depending on the severity of the club foot, the tendons of tibialis posterior, flexor hallucis longus and flexor digitorum longus can be wrapped up in a fibrotic mass.
In contrast, Bensahel, et al., found that the midtarsal joint played a major role in ITEV. 10 They noted that the tibialis posterior turns the talo-navicular joint towards supination with the mid and forefoot following the deviation. This allows the talus to become unstable and the calcaneus to be deviated towards an equinus and varus position. Again the surrounding soft tissues contracts and increases the deformity. Calf muscle atrophy is usual in a limb affected by ITEV 4, 5 with the triceps surae and the tibialis posterior affected the most. 7 Measurements ranging from 1.25 cm to 10cm difference in the circumference of the calf muscle have been reported between the affected limb and the unaffected limb in unilateral cases. 2 In her research Whynne-Davis 2 reported an average limb length discrepancy of 2.5cm in 47 unilateral cases of ITEV as a result of shortened bones. This shortening may occur in any one site: femur, tibia, fibula and any of the bones of the foot. Less than half the males studied were affected but all the females were affected in this study which likely is due to the earlier closing of the female epiphyses. Further studies have reported associated musculoskeletal abnormalities occurring in patients with ITEV such as internal tibial torsion and internal femoral torsion.
11
Eighty nine to ninety percent of ITEV cases present with an absent or reduced anterior tibial artery. 12, 13 In such cases the artery is always hypoplasic and stops at the level of the distal tibial epiphysis.
This phenomena is only seen in up to 3.5% of normal feet although difficulties have been reported in interpreting the arteriograms due to the rotation of the feet.
14 Preservation of four persistent primitive arteries have also been reported 'the embryonic interosseus, tibial posterior superficialis, peronea posterior superficialis and ramus communicans inferior arteries. '13 There may also be absence or reduction of the posterior tibial artery and in these cases the peroneal artery becomes dominant.
Research shows not only are the distal vessels affected by hypoplasia, 15 but the proximal deep femoral and popliteal arteries also display circulatory disturbances. It is possible that an arterial aberration in the sixth and eighth week of gestation is related to the positioning of the calcaneus in equinus. 16 All foetal feet resemble ITEV at this point of development and although some previous studies have reported no vascular anomalies in still born infants with ITEV, 12 other research studies have identified an interruption in foot development during the ninth week of gestation. 17, 18 which may provide defective positional information preventing the foot from de-rotating into a normal position. Researchers have claimed that limbs affected show fewer fibroblasts, smaller cells and less cytoplasmic volume suggesting cellular hypoplasia. 19 It has also been suggested that ITEV may result from growth of the anterolateral foot growing round the stunted posteromedial foot. 17 This theory suggests a neural abnormality may be present, since muscle fibre type is neurally determined.
Surgical interventions for ITEV
Surgical intervention is normally carried out before the child is twelve weeks old. 20 A complete subtalar release 21 is an extensive soft tissue surgical procedure that is only advised when the foot is at least eight centimetres long. During surgery the talus and calcaneus are repositioned and post operatively the limb is cast with the knee flexed at 90° and the foot externally rotated at a 10 degree angle to the knee. The limb is then elevated for 10 days. Further casts are applied as an outpatient until six weeks after the procedure. Foot orthoses are then worn at night and straight last shoes during the day.
The parents will perform physiotherapy on the affected limb for two years post operatively. Advantages of the subtalar release are to produce a high degree of correction as well as alignment between the foot and leg. Disadvantages include post operative scarring which may be so extensive that subsequent soft tissue procedures are difficult. There is also a tendency to over correct with the subtalar release and rarely (less than 1/1,000) ischemic necrosis post operatively may develop due to the poor vascular perfusion of the affected limb. 22 The posteriomedial release is an alternative soft tissue surgical procedure in which the tendo calcaneus is lengthened leaving its lateral attachment intact. Posterior excision of the ankle capsule and the talocalcaneal capsule, including cutting the calcaneofibular ligament, and the tibialis posterior tendon is divided. If necessary the flexor hallucis longus tendon is lengthened and the plantar fascia released including any small muscles arising from the calcaneum. The posterior component of the medial ligament of the ankle is brought forward. Post operatively the limb is cast with the knee in flexion and the foot in dorsiflexion for five days. The limb is then strapped for seven to ten days until 20°of dorsiflexion is attained. At this point splints are applied and worn continuously until the child is walking. Splints are then reduced to sleep times. 20 This procedure aims to prevent the pes cavus and metatarsus adductus deformities which occur as a result of over correction after a complete subtalar release. 23 The reported success rates of the posteriomedial release vary from 50% -84%. 23, 24, 25 This can be compared to a reported poor result in 15% of cases treated with a complete subtalar release. 23 A 30 year follow up of 73 feet treated with extensive soft tissue release concluded that repeated surgery can result in a stiff, painful and arthritic foot causing significant impaired quality of life.
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Non Surgical Interventions for ITEV
The French Functional method is a non surgical method of correction commonly used today. 27 This method was developed in the 1970's 28 and consists of daily gentle mobilization and stretching of contracted tissues in order to stimulate and strengthen weakened muscles. Taping and splinting are used to maintain the correction'. 29 The treatment aims to obtain full correction in five months. The parents are taught the technique to continue at home until the child is walking. A splint is then used until the child is two or three years old to prevent relapse.
The Ponseti method of correction is currently the most popular closed technique. 27, 30 Gentle sequential manipulation of the foot is performed to achieve a plantigrade, functional foot. 29 (See images: Images and description courtesy of www.Global_HELP.org.) Photographs and images describe the foot before, during and after treatment. Before treatment, the navicular is displaced to the medial side of the head of the talus. Note how this relationship normalizes during cast treatment. Similarly, the cuboid becomes aligned with the calcaneus during the same cast treatment (Images and description courtesy of www.Global_HELP.org.) (Fig. 1) The deformities are dealt with in the following order, cavus, adductus, varus, equinus, and serial casting, with casts used to immobilise the knee at right angles while the leg is rotated to correct tibial torsion. 31 This process is repeated weekly for five or six weeks until the anterior calcaneus can be abducted from underneath the talus allowing the foot to be safely dorsiflexed without crushing the talus. At this point a Achilles tenotomy may be required to completely correct the equinus deformity producing an average improvement in the lateral tibiocalcaneal angle of 16.9°. 32 The foot is then cast again for three weeks by which time the defect in the tendon should be healed. 33 The child must then wear 'boots and bar' splints (Denis-Browne splints) day and night for 10 weeks and then during sleep until the child is four years old to prevent relapse. 33 The result is a foot which may appear overcorrected however as the child grows and walks this overcorrection relaxes into a normal foot.
Complications may result with the Ponseti method if the practitioner does not manipulate sequentially. 34 Such an error can usually be corrected with further serial casting if detected early enough. However, if the talus gets crushed or a rocker bottom deformity develops, 35 surgery will be required. Lack of compliance precedes the majority of relapses as the child may have trouble sleeping wearing the DenisBrown splints therefore parental education is vital. 34 Other closed methods such as the 'extra space cast correction technique' have been documented 36 however the Ponseti method is emerging as the most popular manageable treatment routine which has an average 70% success rate 27, 29 and produces positive long term results in foot function and aesthetics. 27, 37, 38 Abnormalities such as knee hyper-extension, equinus gait and foot drop are not reported with the Ponseti method but have been reported with other manipulation techniques.
Currently clinics providing the Ponseti treatment generally comprise of an orthopaedic surgeon, physiotherapists, nurses and an orthotist at the stage of splinting. However the Ponseti method has been extended to other healthcare professionals which has already been trialled successfully in the UK within two separate secondary care settings. 39, 40 Kampa, et al., 40 used a multidisciplinary team comprising of junior doctors, physiotherapists, nurses and plaster technicians or orthotists. They concluded that the combined approach of a multidisciplinary team and a surgeon when necessary was a success. Docker, et al., 39 used a team of trained physiotherapists who referred only to the orthopaedic surgeons in the case of complications or the need for a tenotomy. Tenotomies in this study were carried out under general anaesthetic although a local anaesthetic is recommended. 41 A significant difference in the number of tenotomies required between the two groups was reported in favour of the physiotherapy department. The authors hypothesised that this may be due to the treatment initiating at an earlier stage. 
McGroggan, Dunlop
The Ponseti method would be equally relevant and applicable to podiatry practice as Podiatrists already treat patients with surgically corrected ITEV as part of routine clinical practice, already work in multidisciplinary teams, have extensive specialist knowledge in anatomy and biomechanics of the lower limb and foot, and care on a regular basis for patients with a broad range of physically disabling conditions. The adaptation and the inclusion of current podiatry skills in biomechanical diagnosis, foot casting and orthoses manufacture into the multidisciplinary approach to the Ponseti method, is highly likely to augment delivery of the treatment technique and improve the availability of Ponseti clinics. Having multidisciplinary clinics available at a local level has the potential to reduce the weekly journey time for parents and children making the experience less stressful.
As parent education is key to the treatment's success, having podiatrists available close to home for mid week visits to respond to problems when they arise is likely to reduce the long waiting times in out patients departments which is already a problem cited by both Docker, et al., 39 and Kampa, et al., 40 Docker, et al., also suggested that the earlier intervention of the multidisciplinary team reduced the number of tenotomies required, again cutting the overall healthcare costs.
Halananski, et al., 42 compared the resource utilization between the Ponseti method and the standard surgical routes and found a significant difference in the use of resources between the two methods. He did however highlight difficulties in the study as non monetary resources were difficult to quantify. A similar in depth study would be proposed to compare the costs of a surgically led Ponseti clinic with a multidisciplinary Ponseti clinic which ideally should also included a podiatrists as a member of the team.
Conclusion
It is proposed that the inclusion of podiatry skills to the Ponseti method for the treatment of ITEV, would enhance the continuity of care for the patients in the long term in the assessment and monitoring of post operative care and in identifying further intervention if and when necessary.
Using podiatrists to practice the Ponseti method in a multidisciplinary setting has the potential to develop a more foot focused, cost effective, and patient centred practice and it is proposed that future research into the efficacy and the cost efficiency of the Ponseti method will include the professional and clinical skills of the podiatrist.
